The importance of single-cell biology and systems biology is highlighted with the advanced technologies to understand cell behavior, heterogeneity, and evolution (Wang 2015; Qian et al. 2017) . The Bsingle-cell dynamic phenotypes^can be defined as time-dependent observable characteristics of single cells, e.g., morphology, biological properties, bio-behaviors, genetic changes, and productions. Single-cell dynamic phenotypes are used to define cancer pathological categories, progression, constraints, and mutations. Of these, single-cell sequencing plays a critical role in the measurement of intratumor heterogeneity which is closely associated with cancer genome instability, evolution, and drug resistance. Furthermore, biomarkers specific for drug efficacy and toxicity, molecular mechanisms of toxicology, and cell responses to targeted drugs are identified and validated using single-cell sequencing, systems biology, or models. Single-molecule imaging in single cells can trace intra-single-cell molecule expression, signal interactions, and locations. The multidimensional organization of genome function and mechanical phenotyping are also critical components of single-cell biological functions. Stereoscopic single-cell biology becomes more important in the discovery and development of biomarkers (Niu et al. 2016; Wang and Song 2017) . Thus, it is necessary to highlight the importance of single-cell dynamic phenotypes during various stages of evolution, microenvironmental changes, disease progression, and therapies.
Dynamic phenotypes of gene changes and mutations in single cells are dependent upon its microenvironmental contingencies, which drive the formation and complexity of intratumor heterogeneity and determine cell responses to drugs. Dynamic alterations of heredity and somatic genes contribute to the diversity of generations and mainly cause the initiation of cancer. For example, the immune -microenvironment contributes to the evolution of lung cancer heterogeneity through the certain immune cells and related cytokines . Dynamic heterogeneity during inherent or environmental changes plays an important role in the evolutionary framework of tumor development with large-scale genomic alterations. The association of clonal heterogeneity and tumor evolution that macro-evolutionary leaps involved in large-scale chromosomal alterations could drive tumor evolution and metastasis (McGranahan and Swanton 2017) . Single-cell dynamic phenotypes change with microenvironmental alterations, resulting in drug resistance. While, targeted or non-targeted drugs per se also alter the microenvironment directly or indirectly, resulting in pharmacological effects, the occurrence of somatic gene mutations, and changes of cell susceptibility to therapy.
Variations of gene stability and regulation in cell development, transition, and DNA methylation can influence the appearance of single-cell dynamic phenotypes. Methylation maps for multiple cell types demonstrated spatial and temporal gene expression, cell identities, functional networks, and key lineage-specific regulators (Schultz et al. 2015) . The methylation reporter can be generated by the minimal promoter of small nuclear ribonucleoprotein polypeptide N with the endogenous regions of differential methylation. Such process with green fluorescent protein in a sleeping transposon vector could facilitate the stable integration in the genome and visualize genomic methylation states at the single-cell resolution level (Stelzer et al. 2015) . Cisregulatory element-acting signals and methylationsensitive promoters can present the severity of singlecell dynamic methylation of single cells. Endogenous methylation dynamics of non-coding regulatory elements and their correlation with transcription during cell-state transition and differentiation as well as reprogramming of somatic cells to pluripotency are monitored during many stages, including development, prior and post therapies, sensitivity and resistance, recovery, and progressiveness at the single-cell level.
Protein-based phenotypes of single cells are changeable and dynamic, especially in response to drugs. For example, cell heterogeneity can be described at multiple dimensions, levels, and omics. Protein profiles of single cells can be the most important characters of heterogeneity. With development of proteomic technologies, single-cell functional proteomics can be measured using a number of different protein analyses methods, e.g., microchip-based toolkits. The large-scale high-dimensional data from high-throughput single-cell proteomic assays demonstrate the functional heterogeneity and dynamics of immune cells, cell-cell interaction, highresolution snapshots of immune system functions, and phosphoprotein signaling networks (Lu et al. 2017) . This makes it possible to assess multiple molecular types and profiles in the same single-cell by multiomics, since gene sequencing and expression are only the part of single-cell profiling.
Simultaneous measurements of single-cell genomes, proteomes, epigenomes, and transcriptomes not only demonstrated the cell identity, phenotypes, expression, and variations but also the regulation, dynamics, interactions, and functions (Macaulay et al. 2017 ). Singlecell multiomics can provide a more stereoscopic picture of cell phenotypes and functions, which make the proposal and concept of an artificial intelligent cell possible (Niu et al. 2016) . With development of clustered regularly interspaced short palindromic repeats (CRISPR), future single-cell genome engineering could result in a model created earlier than predicted . The intelligent cells are also known as robot cells, whole-cell models, or smart cells and defined as a cell-like robot with learning capacity. The intelligent single cell can read and analyze omics-based measures, integrate and mine with their own databases and global resources, and provide a systemic illustration of complex cellular processes, dynamics, networks, and interactions of the synthetic circuits in a tested cell. The intelligent single cell can be used for target mechanism-based screening and validation of drug specificity and efficiency.
Single-cell surface protein profiles can describe cell phenotypes, while intracellular signal networks present protein-protein interactions and activations. These can be measured through different methods, e.g., flow and mass flow cytometry for membrane proteins, ELISpot for secreted proteins, image cytometry for membrane or intracellular proteins, cell arrays for intracellular protein, micro-droplets for membrane or intracellular proteins, micro-engraving for secreted or membrane proteins, or barcode chips for secreted, membrane, or cytoplasmic proteins (Wei et al. 2013; Tsioris et al. 2014) . Several RNAs and proteins from a single human breast adenocarcinoma cell in one reaction chamber can be quantified using reverse transcriptase (Genshaft et al. 2016) . Such integrated protocol provides the potential to simultaneously profile transcriptomic and proteomic responses of single cells to a chemical perturbation.
Dynamics of single-cell phenotypic heterogeneity can be used to track responses of individual cell changes to drugs. In order to detect the heterogeneity in the morphological phenotype response to chemical perturbations, and microenvironmental alterations, the singlecell dynamic phenotypes of heterogeneous populations were measured by live cell imaging and fluorescence time-lapse microscopy (Patsch et al. 2016) . The value of single-cell dynamic phenotypes is highly dependent upon the protocol of the study design and questions to be answered. High-throughput imaging platforms serve as a powerful tool to dynamically monitor cell proliferation, differentiation, mobility, phosphorylation, and response to therapeutic perturbation. Zhang et al. (2012) applied such platforms with an interventional strategy of different inhibitors and found interleukin-8 production from lung cancer cells through the EGF-EGFR-PI3K-Atk-Erk pathway. The high-throughput image platform includes image acquisition, phenotype tracking, data filtering and analyses, and integrative data mining with cell features and digital assays. With the platform, a large number of biological effects are investigated, including phosphoinositide 3-kinase in airway epithelial remodeling, soluble fibrinogen-like protein 2 in transplanted cell survival, pyrroloquinoline in cancer cell apoptosis via the mitochondrial-dependent pathway, adrenaline in proliferation and migration of mesenchymal stem cells, keratinocyte growth factor-2 in airway epithelial cell injury, and EGF-EGFR signaling pathway in hepatocellular carcinoma (Fang et al. 2013; Wang et al. 2014; Min et al. 2014; Wu et al. 2014; Fang et al. 2014; Huang et al. 2014 ). The high-throughput imaging system was recently used to explore the regulatory mechanisms of TGF-β1-induced fibrogenesis of human alveolar epithelial cells and the inhibitory effects of drugs in hepatocellular carcinoma progression (Shi et al. 2016; Fang et al. 2016) . Although those studies observed phenotypic alterations of the same type individual cells, data filtering and analyses were not performed and presented on single cells. Patsch et al. (2016) developed the new strategy and protocol to investigate phenotypes of single cells in the highthroughput imaging system in a different aspect of gene-and protein-based phenotype of single cells.
Dynamic genotypes and heterogeneity of single cells demonstrate perturbation and mutations by measuring single-cell RNA and transcriptomics. Single-cell RNA sequencing (scRNA-seq) is used to identify transcript start sites, novel transcripts, splicing variants, transcript isoforms, candidate biomarkers, low-copy number transcripts, and siRNA screen. Liu et al. (2016) measured long non-coding RNAs (lncRNAs) profiles of single cells from polyadenylated and total RNA from human neocortex at different stages of development, using strand-specific RNA-seq. The lncRNAs of neocortex single cells appear cell type-specific and demonstrate the heterogeneity among cells. Cellular lncRNAs are hardly detected and quantified low and diverse concentrations of lncRNAs in tissues. scRNA-seq can be applied for the identification of driver genes in molecular diseases. For example, elevated levels of an lncRNA LOC646329 in single radial glia cells were observed which in contrast were hardly observed at the tissue level (Liu et al. 2016) . scRNA-seq has more value in the discovery and identification of dynamic phenotypes among subgroups of cells within tissues, driver elements of transcriptome, and cell type-or function-specific genes. Kim et al. (2015) measured gene expression and mutation profiling, as well as single-nucleotide variations of lung cancer patient-derived xenograft tumor cells using scRNA-seq to understand intratumor genetic and functional heterogeneity and find transcriptome signatures of anti-cancer drug treatments. Different from pathological and clinical categories of diseases, tumor cells will be newly categorized into subgroups associated with anti-cancer drug resistance, according to single-cell genotypes. Gene-based new categories of tumor cells can facilitate and optimize the development of clinical anti-cancer strategies.
The measurement of single-cell dynamic phenotypes can be combined with other methodological strategies and technologies to explore molecular mechanisms of cell originated functions and evolution. For example, the development and heterogeneity and molecular trajectories of T helper (Th) subsets Th1 and Tfh cells during infection with P. chabaudi chabaudi AS, a rodent-infective strains of malaria, were monitored with a computational modeling strategy (a mixture of Gaussian processes models) with scRNA-seq (Lönnberg et al. 2017) . Those important findings demonstrated that splenic monocytes/macrophages, dendritic cells, and other myeloid cells could support the Th1 fate by influencing bifurcation during infection. Of the chemokines, CXCR5 was the only chemokine receptor that was significantly associated with bifurcation through cellular interaction with B-cell follicles, chemoattractant signals from different zones of the spleen, and intercellular communication as a major driver gene. In addition, the single-cell dynamic phenotype plays critical roles in target-based drug discovery and development (Heath et al. 2016 ) and understanding of systems heterogeneity . System heterogeneity among single cells has been suggested as a critical merging topic in the discovery and development of diagnostic biomarkers and therapeutic targets. A recent study investigated genetic heterogeneity and temporal fluctuations of cellular phenotypes, e.g., growth-related proteins in single cells, by measuring the fitness landscapes of arbitrary phenotypic traits in the form of population lineage trees on the basis of genealogical data (Nozoe et al. 2017) . Such methodology can describe the association and natural generalization between single-cell reproductivity and phenotypes and determine changes of singlecell population growth in response to microenvironmental changes or drugs. It would be the optimal dynamics if single-cell dynamic phenotypes can be repeatedly measured in the same single cell without inflicting damage to the cell. Current measurements of dynamic genotyping measured with single-cell sequencing were performed in dynamically harvested samples of single cells.
In conclusion, single-cell dynamic phenotypes can be altered and monitored during evolution, microenvironmental changes, disease progression, and therapy. The development of single-cell technologies assists in the deep understanding and value of the constituents within dynamic phenotypes, as summarized in Fig. 1(have not  seen the figure) . The evolution and development of single-cell phenotypes are regulated at multiple levels by hereditary or somatic factors, e.g., epigenetics, chromatin stability, or external challenges. Single-cell dynamic phenotypes can demonstrate more about the contributions of tumor heterogeneity and evolution to carcinogenicity, metastasis, and responses to targeted therapies. Thus, dynamic phenotypes at both the gene and protein levels make it possible to have new therapeutic strategies, illustrate a single-cell odyssey and develop an artificial intelligent cell with the capacity of learning and analyzing. The principle and importance of single-cell dynamic phenotypes to understand the evolution and progression of aging and diseases. A circle: a large number of methodologies are discovered and developed to measure single-cell gene expression, sequencing, transcriptional networks, protein profiles, and metabolomics. Data generated from those measures can be stored and mined by the integration with global databases. Those multidimensional omics and their big data can be used to establish an intelligent cell. B circle: single-cell dynamic phenotypes are used to understand gene mutations, heterogeneity, morphological characters, protein functions, responses to drugs, and systems biology. C circle: an artificial intelligent cell also named cell robot, smart cell, or cell model can be created on basis of dynamic phenotypes and multiomics. The intelligent cell has the capacity of reading, learning, analyzing, mining, and reporting to monitor dynamic phenotypes of cells, organs, and human from DNA to embryo and to the elder (D). Single-cell dynamic phenotypes are altered during the evolution, differentiation, and progression of cells due to multiple influencing factors
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